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ABSTRACT
The AKARI infrared (IR) space telescope conducted two surveys (Deep and Wide) in
the North Ecliptic Pole (NEP) field to find more than 100,000 IR sources using its
Infrared Camera (IRC). IRC’s 9 filters, which cover wavebands from 2 to 24 µm contin-
uously, make AKARI unique in comparison with other IR observatories such as Spitzer
or WISE. However, studies of the AKARI NEP-Wide field sources had been limited due
to the lack of follow-up observations in the ultraviolet (UV) and optical. In this work,
we present the Canada-France-Hawaii Telescope (CFHT) MegaPrime/MegaCam u-
band source catalogue of the AKARI NEP-Wide field. The observations were taken
in 7 nights in 2015 and 2016, resulting in 82 observed frames covering 3.6 deg2. The
data reduction, image processing and source extraction were performed in a standard
procedure using the Elixir pipeline and the AstrOmatic software, and eventually
351,635 sources have been extracted. The data quality is discussed in two regions (shal-
low and deep) separately, due to the difference in the total integration time (4,520 and
13,910 seconds). The 5σ limiting magnitude, seeing FWHM, and the magnitude at
50 per cent completeness are 25.38 mag (25.79 mag in the deep region), 0.82 arcsec
(0.94 arcsec) and 25.06 mag (25.45 mag), respectively. The u-band data provide us
with critical improvements to photometric redshifts and UV estimates of the precious
infrared sources from the AKARI space telescope.
Key words: galaxies: evolution – galaxies: photometry – ultraviolet: galaxies – cat-
alogues – surveys – methods: data analysis
? E-mail: kevintch@ir.isas.jaxa.jp
1 INTRODUCTION
The study of galaxy evolution encompasses some of the ma-
jor unsolved problems in modern astronomy. For example,
© 2020 The Authors
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the peak and the overall characteristics of the cosmic star
formation rate history still remain uncertain, partly because
of the effects of interstellar dust (e.g. Madau & Dickinson
2014). In order to improve the measurements from previous
studies of galaxy evolution, having a large multi-wavelength
galaxy sample ranging from low- to high-redshift is essential.
Star formation (SF) and active galactic nuclei (AGN)
play an important role in galaxy evolution. Both of them
tend to be obscured by dust, and thus produce powerful in-
frared emissions. To uncover the SF and AGN activities hid-
den by dust, the AKARI infrared astronomy satellite, devel-
oped by the Japan Aerospace Exploration Agency (JAXA),
was launched in 2006 (Murakami et al. 2007). AKARI car-
ried out a survey in the NEP field (Matsuhara et al. 2006)
using its IRC (Onaka et al. 2007). AKARI IRC’s 9 filters:
N2, N3, N4, S7, S9W , S11, L15, L18, and L24, continuously
cover the observed wavelengths from 2 to 24 µm, which is a
very crucial range to identify key mid-IR features of SF or
AGN, such as polycyclic aromatic hydrocarbon emissions,
the 9.7-µm silicate absorption, and the AGN hot dust emis-
sion (e.g. Smith et al. 2007; Lacy & Sajina 2020). In the sense
of the observation range, AKARI surpasses other IR space
telescopes, for example, Spizter and WISE, because both of
them have an observation gap at this important wavelength.
There were two major observing strategies of the AKARI
NEP survey, a deep survey (hereafter NEP-Deep) in a 0.5-
deg2 area (Wada et al. 2008; Takagi et al. 2012; Murata et al.
2013) and a wide survey (hereafter NEP-Wide) in a 5.4-deg2
area (Lee et al. 2009; Kim et al. 2012).
Multi-wavelength follow-up observations have been per-
formed in the NEP-Deep from facilities and instruments
such as CFHT MegaCam (Oi et al. 2014, hereafter O14)
and Chandra ACIS-I (Krumpe et al. 2015). Many valuable
studies have been conducted, such as the determination of
IR luminosity function and star formation history (Goto et
al. 2015), AGN selection by fitting IR spectral energy dis-
tributions (Huang et al. 2017), and clustering of extremely
red objects (Seo et al. 2019). However, in contrast to the ex-
tensively surveyed NEP-Deep, the NEP-Wide did not have
an uniform optical or near-UV observation. It had been only
observed by MegaCam in a relatively small area of 2 deg2
at the center (Hwang et al. 2007, hereafter, H07), despite
that the outer area had been compensated by shallower ob-
servations from Maidanak Observatory (Jeon et al. 2010).
Consequently, it had suffered from lack of deep optical and
near-UV photometry for several years. It was not until deep
Subaru Hyper Suprime-Cam (HSC; Miyazaki et al. 2018) ob-
servations were carried out (PI: T. Goto; Goto et al. 2017)
in 2014 and 2015, that we obtained the deep optical ancil-
lary data over the entire AKARI NEP-Wide field (Oi et al.
2020).
Aside from the HSC’s 5 optical bands (g, r, i, z, Y),
having an additional band in the near-UV is very crucial
for further research, because it helps the identification of
the Balmer break in the photometric redshift (photo-z) cal-
culation. Sawicki et al. (2019) showed that including the
CFHT u-band into the HSC 5-band sample significantly im-
proves the photo-z performance. However, as mentioned pre-
viously, the only available near-UV data in the AKARI NEP
field were the u∗-band data from MegaCam, but they were
limited to small observed areas, which only cover approxi-
mately 1 deg2 (H07) and 0.67 deg2 (Takagi et al. 2012, O14).
Figure 1. The coverage of the surveys related to this work in the
AKARI NEP field (red), including previous u∗-band observations
(green and yellow), HSC observation (grey) and this work (blue
and purple).
Therefore, a new CFHT MegaPrime/MegaCam u-band ob-
servation on the AKARI NEP-Wide was proposed, and was
completed successfully in 2016. Fig. 1 shows the coverage
of the previous u∗-band observations, the HSC observation,
and the latest u-band observation (this work) we obtained
in the AKARI NEP field.
The u-band data from this work is being used in a va-
riety of studies. They are included in the band-merged cat-
alogue of the AKARI NEP field (Kim et al. 2020 submit-
ted), and furthermore, with the multi-wavelength photom-
etry, photo-z’s have been calculated using LePHARE (Ho
et al. 2020 submitted). Additionally, research in the AKARI
NEP field is also pursuing further topics, for example, the
search for optically dark IR galaxies (Toba et al. 2020), the
selection of IR AGN (Wang et al. 2020 submitted), galaxy
clusters (Huang et al. in preparation), and environmental
effects on AGN activity (Santos et al. in preparation).
This paper is organised as follows. The observations
and data reduction are described in Sect. 2. We present
the limiting magnitude, seeing, completeness, and source
number counts in Sect. 3. We then compare results with
the previous u∗-band surveys (i.e. H07 and O14) in the
AKARI NEP field in Sect. 4. A summary is given in Sect. 5.
Throughout this paper, we use the AB magnitude system
and the J2000.0 equatorial coordinate system. The letters
u∗ and u refer to the CFHT MegaCam old filter and the
MegaPrime/MegaCam new filter, respectively.
2 METHOD
2.1 Observation
The observations of the AKARI NEP field were made us-
ing the CFHT MegaPrime/MegaCam with its u-band fil-
ter (u.MP9302; range 3041-4014A˚; effective wavelength at
3610A˚) in the CFHT Queued Service Observations mode.
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The MegaPrime/MegaCam detector has 40 CCDs, and each
CCD is composed of 2048 × 4612 pixels with a pixel scale of
0.185 arcsec. There were two observing runs. One was from
2015 May 22nd to 26th and the other was from 2016 July
6th and 7th (PI:T. Goto). The total observed area was about
3.6 square degrees. The former observation run contained 6
observation pointings–NEP1, NEP2, NEP3, NEP4, NEP5,
and NEP6, while the latter had three–NEP1A, NEP1B, and
NEP2A. The details of each observations are summarised in
Table. 1, including coordinates, integration time per frame,
number of frames, ambient temperature, and humidity. The
coordinates and the integration time are the average value of
all frames, while the ambient temperature and the humid-
ity refer to the first observed frame in each pointing. The
NEP1, NEP2, NEP1A, NEP1B, and NEP2A pointings tar-
geted the same region, providing a total integration time of
13,910 seconds. The NEP3 and NEP4, and the NEP5 and
NEP6 pointings both have a 4,520-second total integration
time.
2.2 Data Reduction
The data reduction was performed by the Elixir pipeline
(Magnier & Cuillandre 2004) in a regular procedure, which
includes the bad pixel mask, the bias structure removal, the
flat-field correction, and the overscan region elimination.
The co-added image was obtained by using the As-
trOmatic software, including WeightWatcher (Marmo
& Bertin 2008), SExtractor (Bertin & Arnouts 1996),
Scamp (Bertin 2006), and SWarp (Bertin 2002). The over-
all procedure was that we first applied WeightWatcher to
every processed image to create the weight maps for them.
Then, we used SExtractor to extract sources from every
image and listed them into the catalogues in the ‘fits ldac’
format for Scamp to read in the next step. We used Scamp
to calibrate the astrometry and the magnitude zero-point
based on the input ‘fits ldac’ catalogues. Finally, SWarp
mosaicked images from dithering into a final image of the
whole observed field.
After SWarp constructed the final co-added image, we
ran SExtractor again on the co-added image as the input,
to obtain the final source catalogue. Finally, we calibrated
the magnitude zero-point with the data from Sloan Digital
Sky Survey Data Release 16 (SDSS DR16; Ahumada et al.
2020). The details of each procedure are described in the
following sections.
2.2.1 Weight map: WeightWatcher
WeightWatcher generates a weight map for an input im-
age, that is, it gives every pixel a weight value (0 or 1), so
that the defects on pixels can be avoided. For creating the
weight maps, the lower and upper thresholds to give a 0 value
can be set by the configuration parameters WEIGHT_MIN and
WEIGHT_MAX. The pixel values of our processed images are
generally greater than 50, so we defined the lower threshold
to be 5 ADUs (i.e. WEIGHT_MIN=5). Fig. 2 shows the dis-
tribution of the pixel values in one CCD chip of a single
exposure frame at the faint end, as an example to justify
our lower threshold choice. On the other hand, we did not
give the 0 value to bright pixels, so the upper threshold was
equivalent to the saturation value, 65535 ADUs.
Figure 2. The number distribution of the pixel values in one
CCD of one observed frame at the faint end. The red vertical line
indicates the pixel value of 5 ADUs.
2.2.2 Astrometric & photometric calibration: Scamp
Scamp calibrates the astrometry and zero-point magnitude.
For astrometric calibration, we used the default CDS server
(cocat1.u-strasbg.fr) for the reference catalogue. We referred
to the Guide Star Catalogue version 2.3 (Lasker et al. 2008),
and the nearest band, U band (range 300-400 nm), was used.
Since the instrument contains multiple CCD chips, we had
to input the world coordinate system information using the
additional header files ‘*.ahead’ for every frames. We first
ran the Scamp with the mosaic type LOOSE to generate the
‘ahead’ files and then set the mosaic type to SAME CRVAL
for a second run to obtain the astrometric solution.
For photometric calibration, the magnitude m is calcu-
lated as
m = −2.5log( f ) + m0 + 2.5log(t) + c × a, (1)
where f is the measured flux (in ADUs), m0 is the instrumen-
tal magnitude zero-point for a one-second exposure (in mag),
t is the exposure time (in sec), c is the extinction coefficient,
and a is the averaged airmass. The input variables are re-
ferred from the FITS header keywords of the images and the
‘fits ldac’ catalogues. For the magnitude output flux scaling,
we set the arbitrary magnitude zero-point (MAGZERO_OUT) to
be 25.188 mag, which is the same value as the FITS header
keyword PHOT_C, the instrumental zero-point measured by
Elixir, for a one-second exposure.
2.2.3 Co-added image: SWarp
SWarp resamples the input images and stacks them into
a co-added image. The size of the output pixels was set
to be the median of the input pixel scales at the center of
frames (PIXELSCALE_TYPE=MEDIAN). We adopted the re-
sampling method LANCZOS3, and used the median value
for the image mosaicking. The oversampling was set to be
used automatically. We allowed interpolation where there
is any bad input pixel. Background was subtracted using a
MNRAS 000, 1–11 (2020)
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Table 1. The summary of the observation pointings. The columns from the left to right are name, right ascension, declination, integration
time, number of frames, ambient temperature, and humidity.
Name α (deg) δ (deg) Int. Time (sec) # of Frames Temp. (◦C) Humidity (%)
NEP1 269.72607 +65.691054 300.2 13 1.6 11.6
NEP1A 269.72560 +65.699449 300.2 9 5.6 28.5
NEP1B 269.72798 +65.766516 300.2 10 5.8 8.7
NEP2 269.97564 +65.756393 265.2 8 4.0 27.5
NEP2A 269.97386 +65.758351 219.2 10 6.4 7.5
NEP3 271.26471 +67.223669 300.2 8 4.7 21.1
NEP4 271.01165 +67.164424 265.2 8 4.1 38.6
NEP5 272.07713 +66.273413 300.2 8 3.4 42.7
NEP6 271.81885 +66.331610 265.2 8 2.0 46.3
128-pixel by 128-pixel mesh size. The weight maps gener-
ated by WeightWatcher in Section 2.2.1 were included
in the co-addition process using inverse variance weighting
(WEIGHT_TYPE=MAP WEIGHT). SWarp also generated an
inverse variance weight map of the co-added image, which
was used as an input in the next source extraction process.
2.2.4 Source extraction: SExtractor
SExtractor extracts sources from an image and performs
photometry of the sources. Since we intend to use the u-
band data together with the optical counterparts observed
by HSC (Oi et al. 2020 submitted), which is constructed
from deeper imaging, we chose to use a filter with a narrow
Gaussian FWHM and a small convolution mask, in order
not to miss any possible faint sources. We had compared the
source extraction results using several filter files, and even-
tually we adopted a Gaussian PSF with 2-pixel FWHM and
a 3-pixel by 3-pixel convolution mask (Gauss2.0 3x3). The
detailed comparison of convolution filter usage is described
in Appendix A. Other parameters related to the source ex-
traction are listed in Table 2. For photometry, we adopted
the Kron photometry for the source catalogue. The Kron
flux (FLUX AUTO) is defined as the sum of pixel values
inside the Kron elliptical aperture K,
FLUX AUTO =
∑
i∈K
pi, (2)
where p is the pixel value in the input image. The con-
version between the Kron flux and the Kron magnitude
(MAG AUTO) is
MAG AUTO = MAG ZEROPOINT
− 2.5 × log(FLUX AUTO), (3)
where the MAG_ZEROPOINT is the input parameter for the
magnitude zero-point setting in SExtractor. We used a
zero-point value 25.188 as the Scamp’s output zero-point.
The saturation level (SATUR_LEVEL) was set to be 50000
ADUs.
We additionally provide a catalogue based on the coor-
dinates of HSC sources (hereafter, HSC-based source cat-
alogue), using the ASSOC_* parameters in SExtractor.
The limiting magnitudes of the HSC 5 bands (g, r, i, z,
and Y) are 28.6, 27.3, 26.7, 26.0, and 25.6, respectively
(Oi et al. 2020 submitted). The HSC sources in this anal-
ysis are required to have 5σ detections in all 5 bands. We
Table 2. The extraction parameters in the input configuration
file for SExtractor.
Parameter Value
DETECT_TYPE CCD
DETECT_MINAREA 5
DETECT_MAXAREA 0
DETECT_THRESH 1.5
ANALYSIS_THRESH 1.5
THRESH_TYPE RELATIVE
FILTER Y
FILTER_NAME gauss 2.0 3x3.conv
FILTER_THRESH 1.0
DEBLEND_NTHRESH 32
DEBLEND_MINCONT 0.001
CLEAN Y
CLEAN_PARAM 1.0
MASK_TYPE CORRECT
adopted the ASSOC process to match sources with the near-
est ones (ASSOC_TYPE=NEAREST), and the matching radius
(ASSOC_RADIUS) was set to be 6 pixels (i.e. 1.11 arcsec). As
a result, this HSC-based catalogue contains 351,635 sources,
and among them there are 259,335 matches. The details of
the u-band and the HSC-based source catalogues are pre-
sented in Appendix B.
2.2.5 Zero-point calibration
After establishing a source catalogue, it is generally benefi-
cial to perform a magnitude zero-point calibration with an
additional catalogue when available. Calibrating with the
SDSS is the best choice for CFHT MegaCam photometry,
as many previous CFHT studies suggested (e.g. Gwyn 2012;
Ibata et al. 2017; Sawicki et al. 2019). Fortunately, approxi-
mately 35,000 sources in the southern part (δ < +66:45:00)
of the AKARI NEP field are observed in the latest SDSS
DR16. Among them, 14,568 sources match with our CFHT
u-band data within a 0.6-arcsec radius. 2,634 sources which
have both CFHT and SDSS u-band magnitudes less than 22
are selected for the calibration. We further selected 1,607 red
stars using uSDSS − gSDSS > 1.2 and CLASS STAR > 0.95.
The CFHT u-band magnitude of the red stars were cali-
brated with the SDSS u-band and g-band magnitudes, using
the following equation (Sawicki et al. 2019):
uCFHT = uSDSS + 0.036 × (uSDSS − gSDSS) − 0.165. (4)
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The mean offset of the red stars derived from the equation
is about −0.100 (i.e. uCFHT = uSDSS−0.100). We performed
the zero-point calibration by adding this 0.100 value to our
u-band magnitude. Fig. 3 shows the comparisons between
the CFHT u-band magnitude and the SDSS u-band mag-
nitude without/with (left/right) the zero-point calibration.
In this calibration, we did not take account of the effects
of Galactic extinction. We believe this approximation is al-
lowable, because the latitude of the AKARI NEP field is
high.
3 RESULT
In this section, we describe the data quality of our u-band
image and source extraction, by examining the 5σ limiting
magnitude, seeing, completeness, and source number counts.
We use the 2-arcsec-diameter aperture magnitude only for
the analysis of the limiting magnitude, while the magnitude
used in other analyses and discussions is the Kron magnitude
(i.e. MAG AUTO in SExtractor’s output). Since there
is a significant difference of the integration time between
two regions, i.e., 4,520 and 13,910 seconds (Section 2.1, Ta-
ble 1), from now on we separate the whole observed field
into two regions (hereafter, the shallow and the deep) for
the data quality analyses. The two regions are roughly cut
by two lines, α=18:05:48 and δ=+66:17:56, and the master
co-added image is cut into the shallow and the deep regions,
shown in the upper left and the upper right panels in Fig. 4,
respectively. The lower left and lower right panels show the
zoom-in images of the shallow and the deep images, respec-
tively. The images are plotted in inverted colours so that
faint sources might be more easily seen visually.
3.1 Limiting magnitude
We estimate the limiting magnitude (MAG; in AB system)
by placing 10,000 2-arcsecdiameter apertures randomly in
the co-added image. We masked out the pixels with value
greater than 0.04 ADU sec−1, which is corresponding to
28.78 mag/pixel (also see Fig. 4 for the pixel value), be-
fore placing the apertures to reduce the contamination from
sources. Since the pixel value of the co-added image is cal-
ibrated with the zero-point, the sum of all the pixel values
in an aperture is the scaled flux (FLUX), which means we
can convert it to the magnitude with equation 3. Thus, the
5σ limiting magnitude is:
MAGlim = 25.188 + 0.100 − 2.5 × log(5σf), (5)
where the 25.188 is the zero-point set in SExtractor, the
0.100 is the zero-point correction term obtained from the
calibration with SDSS (Section 2.2.5), and the σf is the
standard deviation obtained from the Gaussian fitting of
the distribution of the 10,000 random aperture flux values.
Fig. 5 shows the flux distributions from 20,000 random aper-
tures in the shallow (the left panel) and the deep (the right
panel) regions. The 5σ detection limit of our observations
are 25.38 and 25.79 mag in the shallow and the deep regions,
respectively. The distributions have small tails at the bright
end in both regions. We suspect that the tails exist because
our bright pixel mask at 0.04 is not very strict. Nevertheless,
using a stricter mask may result in an overestimation of lim-
iting magnitude because the background becomes too clean
(artificially suppressed). Since we do not want to overstate
the depth of our image, we accept the result using the mask
value 0.04, despite the existence of the tails in the distribu-
tions. Also, because the Gaussian distribution is fitting well
at the faint end, we believe the tails do not affect the results
of our limiting magnitude estimations too much.
We further provide an exercise to examine the limit-
ing magnitude associated with the pixel mask of 0.04 ADU
sec−1. We consider the maximum contamination level that
the aperture is exactly placed at the centre of a poten-
tial faint point source with the peak of 0.04 ADU sec−1.
We model the point spread function (PSF) of the point
source by a two-dimensional Gaussian fitting discussed in
the next section 3.2. Therefore, the total scaled flux esti-
mated from the integral of two-dimensional Gaussian func-
tion is 0.04 × 2piA2A3, where the A2, A3 are the fitting pa-
rameters of the Gaussian function described in equation 6.
As the result, the scaled flux is 0.887 (or 1.159 in the deep
region), which is corresponding to 25.42 (or 25.12) mag. The
value is close to the limiting magnitude we obtained, and for
most of the randomly placed apertures, their enclosed flux
densities and magnitudes should be much fainter than this
value.
3.2 Seeing
We randomly picked twenty normalised bright point sources,
and created combined images by taking averages for the
shallow and the deep regions. The definition of the bright-
ness here is the range from 16 to 20 magnitudes, and a
point source is defined if its CLASS STAR value, the out-
put parameter from SExtractor, is larger than 0.9. All
the sources are normalised to 20 magnitudes for making the
average-combined image. The average-combined images of
the bright point sources in the shallow and the deep regions
are shown in Fig. 6.
Astronomical seeing is usually estimated by the FWHM
of the PSF. We used the two-dimensional Gaussian function
as the approximation to the PSF. The average-combined
point sources were fit with the two-dimensional Gaussian
function F(x, y) in the following equations.
F(x, y) = A0 + A1e
−U
2 ,
U = ( x
′
A2
)2 + ( y
′
A3
)2,
x′ = (x − A4)cosA6 − (y − A5)sinA6,
y′ = (x − A4)sinA6 + (y − A5)cosA6,
(6)
where x and y are the position of pixel, and
{A1, A2, A3, A4, A5, A6} are the fitting parameters of the
two-dimensional Gaussian function. The best-fitting results
of the two average-combined point sources are shown in
Table 3.
The geometric mean value of A2 and A3 is used to derive
the seeing FWHM (i.e. FWHM= 2
√
2ln(2) × A2A3). The see-
ing FWHMs in the shallow and the deep regions are 4.42 and
5.05 pixels (or 0.82 and 0.94 arcsec), respectively. The seeing
FWHM in the deep region is broader possibly because there
are more co-added frames (50 frames) in the deep region.
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Figure 3. The magnitude comparisons of the red stars between the CFHT u band (this work) and the SDSS u band (DR16). The left
and right panels show the magnitude comparisons before and after the zero-point correction, respectively. In each panel, a line with a
slope of one is plotted in red.
Table 3. The best-fitting parameters of the two-dimensional
Gaussian function with the average-combined point sources.
Parameters Shallow Deep
A0 0.007 0.007
A1 4.804 3.612
A2 1.812 2.231
A3 1.948 2.067
A4 25.62 25.65
A5 25.87 25.70
A6 0.000 0.000
3.3 Completeness: mock source extraction
In this section we simply test the source extraction using
the mock images combining the average-combined images
created in Section 3.2 as the sources with randomly picked
backgrounds from the original co-added image. We made
both the source image and the background image the same
size, 51 pixels by 51 pixels, and stacked them to become the
mock image of one source. We aligned all mock images of one
source with different magnitudes and backgrounds into a big
one. The sources were adjusted to different magnitudes rang-
ing from 20 to 27 mag, while backgrounds were picked at 6
randomly chosen positions without any sources. Magnitude
was set to vary in steps of 0.1, that is, there were 70 different
values ranging from 20 to 27 mag. Thus with 6 backgrounds
there were 420 combinations in total. To strengthen the sta-
tistical reliability, we enlarged the sample size 10 times, to
4200 sources. In order to judge the mock source extraction,
we defined a detection is true if it satisfies the following cri-
teria:
(1) The magnitude difference between the detected value
and the true value is less than 0.2.
(2) The position difference between the detected value and
the true value is less than 3 pixels.
The completeness, the success rate of mock source ex-
traction, as a function of true magnitude is presented in
Fig. 7. We use the same analysis procedure for the shallow
and the deep regions, and the results are plotted in black
squares and red circles. The bin size is 1.0 magnitude, and
there are 600 sources in each bin. A light green horizontal
line indicates the value of 0.5 (i.e. 50 per cent complete-
ness). The interpolated values of 50 per cent completeness
in the shallow and the deep regions are 25.06 and 25.45 mag,
respectively.
3.4 Source number counts
In this section, we present the source number counts of
the CFHT MegaPrime/MegaCam u-band observation in the
AKARI NEP field. The result is shown in Fig. 8, and as
previous analyses, the sources number counts in the shal-
low (black diamond) and the deep (red circle) regions are
discussed separately. The limiting magnitude and the 50
per cent completeness are overplotted in dotted and dashed
lines. Note that since we adopted a relatively relaxed con-
volution filter for source extraction (see section 2.2.4), the
number counts at the faint end may be overestimated.
4 DISCUSSIONS
4.1 Comparison with previous CFHT u*-band
surveys
Here we compare our result with other CFHT u∗-band cat-
alogues from the previous observations in the AKARI NEP
field. First, we compare the measured magnitude of common
sources. The sources from the previous works were matched
with this work using a 1-arcsec radius, and 35,847 and 8,985
matches were produced between previous catalogues, H07
and O14, and this work, respectively. Fig. 9 shows the mag-
nitude comparison between this work (u20) and the previous
works, H07 (u∗07) and O14 (u
∗
14). A line with the y-value of 0
is plotted in red to indicate the magnitude consistency. The
results show that there may be slight zero-point offsets be-
tween this work and the previous ones, but the offsets does
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Figure 4. The cut co-added u-band images of the AKARI NEP field. The images are cut into two panels based on the shallow (upper
left) and the deep (upper right) observations. The lower left and the lower right panels show are the zoom-in images in the shallow and
the deep regions, respectively. The coordinates are plotted in red grids with blue numbers. The images have the same scale of flux in the
units of ADU sec−1.
not seem to be significant. However, there is a large scat-
ter between u20 and u∗07 at faint magnitudes. We check the
sources which are highly scattered (|u20 − u∗07 | > 1.0) in the
data images (Fig. 10). We are afraid that H07’s limited ob-
servation and image quality account for the inconsistency.
Our optimised dithering strategy, which performed observa-
tions of at least 16 frames, improves upon the observational
strategy conducted by H07. Therefore, inevitably H07’s im-
age is more likely to be damaged by cosmic rays, bad pixels,
or CCD edges. In the left panel (H07’s image) of Fig. 10,
one can see that there are many artificial signals distributed
around the image, which may possibly impact the source ex-
traction. Moreover, many sources (orange circles) in H07’s
images are faint and vague or even not looking real. In con-
clusion, based on our improved observation and careful data
reduction, we are confident that our data are more reliable.
The source number counts comparison is shown in
Fig. 11. The results from this work are plotted in black di-
amonds and red circles as the same manner in Section 3.4.
On the other hand, results from previous observations are
plotted in green triangles (O14) and blue squares (H07). One
can see that the number density in this work is higher than
previous results at faint magnitudes, which implies that this
work improves the depth of the u-band data in the AKARI
NEP field. This fact can be seen in terms of the limiting
magnitude as well, which is the intrinsic depth from the im-
age and independent to the source extraction. The limiting
magnitude of the u-band data from O14 and H07 are 24.6
mag [5σ; 2 arcsec] and 25.9 mag [4σ; 1 arcsec], while this
work reaches the limiting magnitude of 25.79 mag [5σ; 2
arcsec].
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Figure 5. The Gaussian fits to the distributions of the randomly placed 2-arcsec-diameter aperture fluxes in the shallow (the left panel)
and the deep (the right panel) regions. The flux in this figure is scaled by Scamp with the magnitude zero-point. The shallow region has
the standard deviation of 0.19 and results in a 5σ limiting magnitude of 25.38 mag. On the other hand, the standard deviation and the
limiting magnitude in the deep region are 0.13 and 25.79 mag, respectively.
Figure 6. The images of the average-combined normalised point sources from the shallow (the left panel) and the deep (the right panel)
regions. The size of each image is 51 pixels by 51 pixels. The pixel value of the image is scaled flux (in ADU sec−1). The red ellipse is the
contour at the half maximum.
5 SUMMARY
This work, which is based on observations using the CFHT
MegaPrime/MegaCam, provided the u-band source and
HSC-based source catalogues in the AKARI NEP field. The
data were reduced in a standard manner, except that the
convolution filter choice for the source extraction was rela-
tively relaxed for the purpose of obtaining a better coordi-
nation with the deeper HSC sources. The data quality has
been examined in the limiting magnitude, seeing, complete-
ness, and source number counts. Compared with previous
u∗-band surveys in the AKARI NEP field, this work not only
completed more of the previously unobserved area, but also
achieved the deepest imaging. This promising improvement
will aid future science studies in the NEP.
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APPENDIX A: FILTER CHOICE FOR SOURCE
EXTRACTION
In this section, we discuss the filter file choice in SExtrac-
tor for the source extraction. As mentioned in Section 2.2.4,
we intend to detect more faint sources because this u-band
data is going to be used along with the deeper optical data
observed by HSC. Here we compare the source extractions
using the filter Gauss2.0 3x3 and Gauss2.0 5x5 by checking
the match with HSC.
A correction to the astrometric difference of the u-band
catalogue and the HSC catalogue is preferable, so we first
matched the sources of the 2 catalogues in a 5” radius
(Fig. A1). From the match we obtained the distributions
of α and δ differences, and the Gaussian fittings were then
applied to them to obtain values of the systematic positional
offset (Fig. A2). We further matched the sources again us-
ing a 1-arcsec radius to obtain the final match catalogue.
Table A1 summarises the numbers of the CFHT u-band
sources and the sources matched with HSC using the two
different filters for source extraction. Using Gauss2.0 5x5
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Figure 9. The magnitude comparisons of this work (u20) with the previous u
∗-band works, H07 (u∗07) and O14 (u
∗
14), in the AKARI
NEP field. Every black dot represents a matched source. The red horizontal line shows the positions that y-value equals to zero.
Figure 10. The example of the highly scattered sources ( |u20 − u∗07 | > 1.0) plotted in the image of H07 (left) and the image of this work
(right). The images are plotted in inverted colours. The radius of the orange circle is 2 arcsec. The circles are placed according to the
H07’s coordinates.
and Gauss2.0 3x3 produce 319,965 and 351,635 sources, and
236,024 and 250,468 sources have a match with HSC, respec-
tively. In other words, using the filter Gauss2.0 3x3 increases
the number of sources by 31,670, and almost half of them,
14,444 sources, have a match with HSC, which means it is
highly possible that they are real sources but not fake de-
tection. To confirm the result of the matched number, we
visually checked the detected sources in the RGB colour
image stacked by HSC g-, r-, and i-band images as blue,
green, and red, respectively. Fig. A3 shows some examples
of the sources detected by using the filter Gauss2.0 3x3 but
missed by using Gauss2.0 5x5. Most of the sources seem to
be real sources in the HSC image, so it is likely that us-
ing Gauss2.0 3x3 can really detected the faint sources as we
expected. Consequently, we accept the trade-off that increas-
ing the number of sources might also increases the number of
fake detection at the same time. Therefore, we caution that
the user of this u-band catalogue should be careful about
the usage of the faint sources.
APPENDIX B: CATALOGUES AND FORMATS
We provide two source catalogues, a u-band source catalogue
and an HSC-based source catalogue, for potential users who
may have an interest in studying extragalactic astronomy
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Figure 11. The source number counts of different CFHT Mega-
Cam u-band/u∗-band surveys. The results from this work are
plotted in black diamonds and red circles. The results from the
previous surveys in the AKARI NEP field, H07 and O14, are
plotted in blue squares and green triangles, respectively.
Figure A1. The coordinates difference between the u-band coor-
dinates (Gauss2.0 3x3) and the HSC coordinates. The inner and
the outer red circles plot the 1-arcsec and 2-arcsec radius, respec-
tively.
Table A1. The filter comparison of the numbers of the sources
detected in the u-band and the sources matched with HSC.
Convolution Filter # of sources # of Matches with HSC
Gauss2.0 5x5 319,965 238,755
Gauss2.0 3x3 351,635 253,670
Difference 31,670 14,915
in the AKARI NEP field. The u-band source catalogue con-
tains 351,635 sources, and 290,373 of them are not flagged.
Table B1 shows the example rows of the u-band source cat-
alogue, and it columns are briefly described in the following.
Column (1): identification number.
Columns (2) and (3): right ascension and declination (in de-
gree).
Columns (4) and (5): magnitude and errors (in AB system).
Column (6): CLASS STAR, which is a star classifier based
on the morphology of a source.
Column (7): source extraction flag, a 8-bit integer indicating
that if a source is extracted with warnings.
The HSC-based source catalogue has the same first seven
columns as the u-band catalogue. The description of the rest
columns are listed below. Column (8) and (9): right ascen-
sion and declination (in degree) from HSC detection.
Column (10) and (11): HSC g-band magnitude and errors
(in AB system).
Column (12) and (13): HSC r-band magnitude and errors
(in AB system).
Column (14) and (15): HSC i-band magnitude and errors
(in AB system).
Column (16) and (17): HSC z-band magnitude and errors
(in AB system).
Column (18) and (19): HSC Y -band magnitude and errors
(in AB system).
Table B2 shows a few rows of the HSC source catalogue as an
example. Note that the digits of coordinates and magnitudes
are truncated in this table in order to make the catalogue
fit in one page.
This paper has been typeset from a TEX/LATEX file prepared by
the author.
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Figure A2. The Gaussian fittings with the distributions of the α (the left panel) and the δ difference (the right panel) in the Fig. A1.
α has a peak at 0.064 and a standard deviation of 0.141, while δ peaks at 0.035 and deviates as 0.184.
Figure A3. The example sources (encircled by cyan circles) that are missed in the source extraction using the Gauss2.0 5x5 filter but
detected using Gauss2.0 3x3. The colour image is generated by three colours, blue (g band), green (r band), and red (i band). The radius
of the cyan circle is 2 arcsec.
Table B1. A few rows of the u-band source catalogue. The columns CS and f, represent the CLASS STAR value and flag, respectively.
ID α δ u u err. CS f
1 269.7556402 +65.1727241 14.1269 0.0001 0.812 3
2 269.0409577 +65.1743737 14.1432 0.0001 0.805 3
3 269.9828576 +65.1820611 15.3149 0.0001 0.239 0
4 270.8800236 +65.1686552 23.4442 0.0431 0.996 1
5 270.7984152 +65.1689814 23.7094 0.0578 0.645 1
6 270.6406487 +65.1719293 24.4598 0.1844 0.481 2
7 270.6994843 +65.1724827 23.3358 0.1210 0.636 2
8 270.7547065 +65.1701884 23.4640 0.0481 0.983 0
9 270.6491622 +65.1705864 22.4449 0.0182 0.996 0
10 270.7939588 +65.1713746 24.2137 0.1285 0.439 0
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Table B2. A few rows of the HSC-based source catalogue. The columns CS and f, represent the CLASS STAR value and flag, respectively.
ID
α
δ
u
u
er
r.
C
S
f
H
S
C
α
H
S
C
δ
g
g
er
r.
r
r
er
r.
i
i
er
r.
z
z
er
r.
Y
Y
er
r.
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4
4
6
3
1
2
7
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5
3
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+
6
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0
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